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The coexistence of significant coronary athero-
sclerosis and abdominal aortic aneurysm (AAA) in
the same patient is not an uncommon finding.
Hertzer et al1 found a 31% incidence of severe cor-
rectable coronary artery disease in elective patients
with AAA who were evaluated with coronary
angiography before operation. Performance of coro-
nary artery bypass grafting (CABG) or percutaneous
coronary angioplasty before AAA repair has been
shown to beneficially affect both short-term and
long-term survival in selected patients.2-6
Despite an improvement in the postoperative
cardiac course, coronary artery revascularization
may lead to an increased occurrence of postoperative
AAA rupture.7,8 To prevent this disastrous conse-
quence, simultaneous CABG/AAA repair during
the same anesthetic has been proposed.9-11 The
resultant operative mortality rate, however, may be
greater than that of either procedure alone.
Alternatively, a staged repair may be performed with
operative coronary revascularization performed first
followed by AAA repair.7 In the present study, we
reviewed the outcome of early staged repair per-
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Purpose: The surgical repair (coronary artery bypass grafting [CABG]) of symptomatic
coronary artery disease (CAD) in patients with co-existent large abdominal aortic
aneurysm (AAA) may result in an increased rate of AAA rupture after operation.
Simultaneous CABG/AAA repair has been recommended by some surgeons, but with a
somewhat higher mortality rate than staged repair. We reviewed the outcome of staged
AAA repair that was performed early after CABG in patients with symptomatic coro-
nary disease and AAA.
Methods: The records of all the patients with symptomatic CAD that required CABG
with large AAA (greater than 5 cm) were reviewed. In most patients, CABG was per-
formed first, followed by AAA repair within 2 weeks. Patient demographics, severity of
coronary disease, AAA size, interprocedure duration, and perioperative morbidity and
mortality rates were examined.
Results: Between 1991 and 1998, 1105 AAA repairs were performed. Within this group,
30 patients with AAA underwent CABG for symptomatic CAD. Mean AAA size was 6.6
cm (range, 5.0-10.0 cm). The median interprocedure interval between CABG and AAA
repair was 11.5 days. There was no in-hospital AAA rupture during this interval. The
patient group was comprised of 24 men and 6 women with a mean age of 71 years.
There was no operative death after such staged AAA repair, and nonfatal complications
occurred in seven patients (23%). During this period, seven patients had AAA rupture
when they were sent home after CABG for recovery and intended AAA repair at a later
date.
Conclusion: Staged elective AAA repair may be performed safely and effectively after
CABG. Performance of these procedures with a short interprocedure interval may be
preferable to the higher complication rate observed after combined procedures. (J Vasc
Surg 2000;31:253-9.)
253
From the Institute for Vascular Health & Disease, Albany Medical
College.
Competition of interest: nil.
Presented at the Fifty-third Annual Meeting of The Society for
Vascular Surgery, Washington, DC, Jun 6–9, 1999.
Reprint requests: Dr R. Clement Darling III, Vascular Institute
(MC157), Albany Medical College, 47 New Scotland Ave,
Albany, NY 12208. 
Copyright © 2000 by The Society for Vascular Surgery and
International Society for Cardiovascular Surgery, North
American Chapter.
0741-5214/2000/$12.00 + 0 24/6/103235
formed in patients with symptomatic coronary
artery disease and AAA.
MATERIAL AND METHODS
We retrospectively reviewed the records of all
patients with symptomatic coronary artery disease
that required CABG with AAA greater than 5 cm
diameter who underwent operative repair between
1991 and 1998 by our vascular surgery service at the
Albany Medical Center and affiliated hospitals. Most
patients with AAA of less than 5 cm were not
referred to the vascular service by the cardiologist or
cardiac surgeon. Thirty patients who underwent
staged repair were identified: patient demographics
are shown in Table I. In patients who had AAA
between 4.5 and 5 cm, aortic replacement proce-
dures were usually performed approximately 4 to 6
weeks after operative CABG. For an AAA of less
than 4.5 cm, patients were observed with aortic
duplex or computed tomography (CT) scan at regu-
lar intervals.
Preoperative cardiac evaluation included clinical
examination, dipyridamole-thallium scanning, and
coronary angiography. In all patients, the presence of
AAA was documented before operation by clinical
examination or duplex ultrasound scan. Supplemen-
tary evaluation included CT scan of the abdomen.
Preoperative aortography was obtained on a selective
basis. Subsequent aortic replacement was then per-
formed preferentially through a left retroperitoneal
approach, as previously described.12,13
RESULTS
Functional cardiac status in the 30 patients who
underwent early staged repair (group 1) was graded
according to New York Heart Association guide-
lines. Within this group, 13 patients (43%) were class
II; 9 patients (30%) were class III, and 8 patients
(27%) were class IV by preoperative symptoms. Five
patients (17%) had acute myocardial infarction (all Q
wave). All AAAs before operation in these patients
were more than 8 cm in diameter. In 20 of the
patients (66%), the AAA was asymptomatic. In the
remaining 10 patients (33%), the presence of vague
abdominal or back pain had prompted further work-
up. Mean (± SEM) AAA diameter was 6.6 ± 0.23 cm
(range, 5-10 cm) with a median of 6.5 cm (95% con-
fidence interval [CI], 6, 6.9). The primary reason
for initial hospitalization was symptomatic coronary
artery disease in 19 patients and AAA in 11 patients.
During the same period of study, 1075 AAAs
were performed without preoperative CABG (Table
II). The operative mortality rate in these patients
was 3.1% (34 patients). The causes of operative
deaths and complications in non-CABG AAAs are
shown in Tables III and IV. There were no operative
deaths after CABG in the present series of patients.
Nonfatal complications occurred in seven patients
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Table I. Patient demographics
Demographic N (%)
Patients* 30
Men 24 (80)
Women 6 (20)
Smoker 24 (80)
Diabetes 5 (17)
Hypertension 21 (70)
*Mean age, 71 years (range, 42-83 years).
Table II. Type of AAA repair performed without
preoperative CABG (n = 1075)
Type of AAA repair N (%)
Elective 1004 (93)
Emergent 71 (7)
Reconstruction
Tube graft 266 (25)
Bifurcated graft 809 (75)
Mean intraoperative blood loss, 845 mL (range, 50-9000 mL).
Table III. Causes of death in patients who did not
undergo CABG and AAA repair
Cause of death N (%)
Cardiac 14 (1.3)
Renal failure 5 (0.5)
Respiratory 3 (0.3)
Bleeding 3 (0.3)
Colon ischemia 3 (0.3)
Stroke 2 (0.2)
Pelvic ischemia 1 (0.1)
Bowel obstruction 1 (0.1)
Sepsis 1 (0.1)
Table IV. Causes of morbidity in patients who did
not undergo CABG and AAA repair
Cause of morbidity N
Respiratory 40
Nonfatal cardiac 29
Renal failure 27
Bleeding 15
Colon ischemia 14
Wound infection 9
Stroke 5
Graft infection 3
Graft enteric fistula 1
Sepsis 1
(23%). Causes of postoperative morbidity are shown
in Table V. The femoral embolus occurred in a
patient with a history of atrial fibrillation. The post-
operative renal insufficiency occurred in a patient
with a baseline creatinine level of 1.7, which
increased to 3.0 after operation and subsequently
decreased to preoperative values. In most patients,
CABG was performed first followed by AAA repair
within 2 weeks. The mean number of coronary
arteries bypassed was 3.4 (range, 1-7 arteries).
Aortic valves were replaced in three patients, and
mitral valves were replaced in one patient. AAA
repair was performed preferentially through a left
retroperitoneal approach in 29 patients (97%). In
the remaining patient, repair was performed
transperitoneally. Aortic replacement was performed
with a bifurcated prosthetic graft in 22 patients
(73%) and a tube graft in eight patients (27%).
Adjunctive procedures included unilateral renal
revascularization in five patients (17%), bilateral
renal revascularization in two patients (7%), bilateral
femoral endarterectomy in one patient (3.5%), and
distal femoral artery bypass grafting in two patients
(7%). Mean intraoperative blood loss was 678 mL
(range, 200-2000 mL). 
The mean (± SEM) interprocedure interval was
12.8 ± 1.2 days (range, 6-30 days) with a median of
11.5 days (95% CI, 8, 14). In 25 of 30 of cases
(83%), patients were transferred after CABG to
either the vascular service or to a post-cardiac
surgery rehabilitation floor within the hospital facil-
ity. Thus these patients were still within the hospital
but off the cardiac surgeon’s service. The decision
about the delay between CABG and aortic replace-
ment was often dictated by the cardiac surgery or
cardiology service. There was no in-hospital AAA
rupture during the interprocedure interval. During
the same period of study, seven patients (group 2)
had AAA rupture after they were discharged after
CABG for recovery and intended AAA repair at a
later date. The reasons for hospital discharge in these
patients included personal preference in three
patients. In the other four patients, the cardiac sur-
geon and/or cardiologist made the decision to dis-
charge the patients because of perioperative compli-
cations after CABG. The mean (± SEM) aneurysm
diameter in these patients was 7.3 ± 0.72 cm with a
median of 7.2 cm (95% CI, 5.7, 8.9). The mean
duration between CABG and aortic aneurysm rup-
ture was 17 ± 1.8 days with a median of 19 days
(95% CI, 11.7, 21.5).
Statistical comparisons between groups 1 and 2
were performed with the Mann-Whitney test for
nonparametric data, with significance accepted at
the 95% CI. AAA size was not different between
groups 1 and 2 (P = .33). Interprocedure interval in
group 1 and the interval between CABG and AAA
rupture in group 2 approached, but did not achieve,
statistical significance (P = .073).
DISCUSSION
Despite dramatic improvements in perioperative
management and operative techniques, myocardial
infarction remains a leading cause of postoperative
morbidity and death after aortic replacement for
AAA.14-16 Indeed, reversible ischemic myocardial
segments are present in 30% to 50% of patients with
peripheral vascular disease who are further evaluated
with pharmacologic stress testing.17,18 In a study of
the prevalence of coronary disease in 263 elective
patients with AAA who underwent preoperative
catheterization, Hertzer et al1 found severe cor-
rectable disease in 31% of patients. This group and
others have similarly demonstrated a reduction in
the cardiac-specific morbidity and mortality rates in
patients who underwent coronary revascularization
before AAA repair. Foster et al19 reviewed patients
enrolled in the coronary artery surgery study and
found a 6.0% incidence of perioperative myocardial
infarction in patients in the medical treatment group
compared with 2.2% when CABG was performed
before AAA repair. 
An increased rate of AAA rupture after a major
unrelated operation has been previously reported by
several authors.20,21 Swanson et al20 reported a
series of 10 patients in whom previously asympto-
matic AAAs ruptured a mean of 10 days after
exploratory laparotomy. They postulated that the
enhancement of collagen lysis may be the cause of
this problem. Nora et al,21 in a study that evaluated
the priority of resection in patients with coexistent
AAA and colorectal carcinoma, found a 14% inci-
dence of AAA rupture in patients who underwent
colon resection only. 
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Table V. Causes of morbidity in patients who
underwent CABG and AAA repair
Cause of morbidity N
Cardiac 2
Stroke 1
Femoral embolus 1
Pelvic ischemia 1
Renal failure 1
ARDS/sepsis 1
ARDS, Adult respiratory distress syndrome.
Other centers have raised the question about
whether any increase exists in the rate of AAA expan-
sion and rupture after operation. Durham et al,8 in a
prospective study in which an AAA was identified
before operation for unrelated pathologic condition,
found a 3% incidence of postoperative AAA rupture.
These authors concluded that a relationship between
AAA rupture and a recent major operative proce-
dure did not exist. The study population, however,
consisted of seven patients who underwent CABG;
one AAA rupture occurred within this group, for a
rupture rate of 14%.
Although an increased incidence of AAA rupture
has been noted after CABG, there is no agreement
among vascular surgeons regarding the appropriate
time interval for proceeding with AAA repair. In a
study by Elmore et al,4 an interprocedure interval of
less than 1 month after percutaneous coronary dilata-
tion and a few months after CABG to allow recuper-
ation after operation was recommended before elec-
tive AAA repair. In the present study, 17% of patients
underwent coronary bypass grafting after acute
myocardial infarction. Although AAA size was slight-
ly larger in this group, this was not statistically differ-
ent from other AAAs in this series (P = NS). In gen-
eral, these patients had a relatively mild course after
cardiac operations, and we felt the subsequent aortic
replacement to be justified by the larger size of AAA. 
Others have recommended concurrent repair or
early staged repair. Blackbourne et al,7 in a retro-
spective review of patients who underwent elective
AAA repair after CABG reported a 33% mortality
rate as the result of AAA rupture when operation
was delayed beyond 2 weeks. In comparison, there
were no deaths in patients who underwent simulta-
neous or staged CABG/AAA repair within 2 weeks.
Combined coronary revascularization and AAA
repair procedures have been recommended by sever-
al centers. The rationale presented by these studies
was that cardiac complications may be minimized
and the possibility of post CABG AAA rupture may
be avoided.5,9-11 Reul et al5 reported the results of
CABG combined with various peripheral vascular
procedures. Within this series, 11 AAAs were
repaired with no operative deaths. These authors
concluded that the severity of underlying risk fac-
tors, and not the magnitude of the combined proce-
dure, was responsible for the morbidity incurred.
However, postoperative mortality and morbidity
rates as high as 12% and 40%, respectively, have been
reported after combined procedures.10,22 Gade et
al10 found that poor ejection fraction, prolonged
cardiopulmonary bypass grafting, and postoperative
respiratory failure were associated with a higher
mortality rate. Serious complications of CABG that
would alter our decision to proceed expeditiously
with AAA repair with a short interprocedure interval
would include incomplete coronary revasculariza-
tion with cardiac failure as manifested by severe con-
gestive heart failure or continued myocardial
ischemia. In addition, progression of myocardial
infarction and/or progressive clinical deterioration
with multiple system organ failure would also have a
negative impact on our decision to proceed with
early aortic replacement.
In the present study, the degree of preoperative
cardiac disease was comparable to previously report-
ed studies. The 23% incidence of complications in the
present study may be related to a population of
patients with severe comorbid risk factors from sys-
temic atherosclerosis. Most (66%) of the AAAs were
asymptomatic, but all the aneurysms were greater
than 5 cm. Our pursuit of early staged repair in this
patient population was based on our own anecdotal
experience of the AAA ruptures occurring after
CABG or other major operative procedures. The
seven AAA ruptures noted in patients who did not
undergo elective staged AAA repair during the peri-
od of study are evidence that this may be a significant
problem in patients with large AAAs. There was no
difference in size between groups 1 and 2. The
increased interval in group 2, although not signifi-
cant, may be a factor in the eventual AAA rupture in
these patients.
Unfortunately, neither we nor the cardiac sur-
geons perform routine screening for AAA before
CABG. Therefore the true incidence occurring in
this patient population is still not known. As a result,
we were not aware of all patients who were dis-
charged with large AAAs. Because four of these
patients (group 2) were not cleared by a cardiologist
for AAA repair, this may have introduced a selection
bias into the study. Several previous studies have
attempted to determine the incidence of AAA in
patients with coronary artery disease.23,24 Thurmond
and Semler23 found an 18% incidence of AAA of 3
cm or more in patients selected to visit a cardiologist.
Bergersen et al24 prospectively reviewed routine aor-
tic ultrasound scans of patients who had been sched-
uled for elective CABG. They found a 13% incidence
of AAA of more 3 cm and a 5.2% incidence of AAA
of more than 5 cm in this population.
The absence of in-hospital AAA rupture after
CABG attests to the safety of the algorithm present-
ed within the present study. In addition, the poten-
tial increase in mortality and morbidity rates after a
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combined procedure may be avoided. Combined
CABG/aortic replacement procedures use a contin-
uous midline incision from sternal notch to the
infraumbilical abdomen, for adequate exposure of
both operative fields with the patient in a supine posi-
tion. Our preference is for aortic replacement
through a retroperitoneal exposure with the patient
in a modified decubitus position. Thus dual position-
ing may make a combined exposure difficult. The use
of a retroperitoneal approach in repair of AAAs is
supported by favorable results and by certain physio-
logic benefits shown by several centers in comparison
to transperitoneal exposure.13,25,26 We believe that
the low morbidity and mortality rates of the
retroperitoneal approach for aortic replacement sup-
port early repair of AAAs after operative coronary
revascularization by reducing the risk of operation.
In the present study, we reviewed the results of
aortic replacement for large AAAs performed early
after CABG during the same hospital stay. With a
short interprocedure interval, the sequelae of AAA
rupture after CABG may be avoided. The perfor-
mance of these staged operations can thus be accom-
plished in a safe manner despite the severe comorbid
risk of this patient population.
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DISCUSSION
Dr David C. Brewster (Boston, Mass). Dr Paty and his
colleagues have certainly addressed an intriguing question.
I think we would all agree that vascular surgeons have long
puzzled about what would be the most appropriate and
optimal interval between coronary revascularization and
needed aneurysm repair. I think it is also safe to say that
conventional wisdom has generally been that a period of
somewhere between 4 and 8 weeks, probably 6 weeks in
many practices, would be the most appropriate interval to
allow for sufficient patient recovery from CABG before
AAA operation. However, I am sure many of you in the
audience have either had patients or have known of
patients in your hospital or in the practice of associates
who may have experienced the rupture of an aneurysm
during this interval; thus Dr Paty and colleagues have
posed an important question. 
As the authors pointed out, much of the debate relates
to the speculation and usually anecdotal reports that have
appeared over the years in the vascular literature relative to
the possible influence of nonvascular operations on the
risk of aneurysm rupture. Most of this speculation centers
around the issue of whether an increase in proteolytic
enzymes, accelerated collagen lysis, or other factors as the
result of nonvascular surgical procedures might promote
aneurysm rupture. Much of this has been anecdotal, as
pointed out, and I do not think definitive data exist. 
Can you give us a bit more data about the seven
patients in your series who did experience a rupture dur-
ing their waiting period? Exactly how long was this inter-
val, and what was the reason for waiting this long? Was this
purely an elective interval, or was it related to or absolute-
ly required by various complications after the coronary
revascularization procedures? Were these aneurysms some-
how more prone to rupture because of adverse clinical fea-
tures, particularly large size or actual symptoms present? 
What, in fact, do the authors recommend as an inter-
val? Your article states the average interval was 11.5 days,
and I believe that your conclusions would recommend that
they be done during one hospitalization. As we have heard
in the first four papers in this session alone, there is a great
emphasis and interest now on costs. Is it possible to keep
patients in the hospital for periods of 2 to 3 weeks to allow
a staged repair during a single period of hospitalization? 
And finally, by your recommendations, are you in fact
subscribing to the theory that unrelated operations do
accelerate and increase the chance of aneurysm rupture? 
Dr Paty. In regard to the seven patients who experi-
enced ruptures, these were patients in whom aneurysms
had been identified before the operation. However, either
because they were referred from outside or for some other
reason, the patients were not seen before the operation or
followed by our service. Thus we came to know about
their ruptures after the fact. In three of these patients, the
decision to go home was patient preference. In the other
four patients, the cardiac surgeon or cardiologist made the
decision to discharge the patient. From what can be ascer-
tained from the hospital records, these decisions were
related to complications that occurred during the cardiac
operation or the feeling of the cardiologist that this was a
safer way to proceed. Thus we were not involved in mak-
ing the decision to discharge these patients and were not
able to intervene before the patient was discharged. 
The interval of rupture in these patients was a mean of
16.2 days. The mean aneurysm size was 7.3 cm in diame-
ter. None of the patients were symptomatic, however. 
As far as the recommended interval, we have used 2
weeks as the recommended interval, although we are will-
ing to operate on these patients as soon as the cardiac sur-
geon will allow us to operate. The problem is that, because
this is a retrospective study, we do not have the data of all
the people who had AAA and who died of rupture. The
only thing we know is that, when patients went beyond 2
weeks, there were more aneurysm ruptures. 
As to whether the patient should be kept in the hospital
or not, one of the things that has driven the separation of the
two procedures in our hospital is the wish of the cardiac sur-
geons to keep their hospital stay dates as short as possible.
Much of this is driven by the New York State Registry and
the reporting of cardiac surgeons’ hospital stays for their
patients. It is their recommendation, oftentimes, to either
discharge the patient to our service or to put the patient into
a rehabilitation facility. Our preference is an in-hospital reha-
bilitation facility where we can observe the patient, and then
we try to perform the operation within 2 weeks’ time.
Dr John A. Mannick (Boston, Mass). Approximately 14
years ago, we reported on a subset of patients with aneurysm
who had both symptomatic and large aortic aneurysms and
at the same time severe and unstable coronary disease. We
chose to perform operations on patients with these two con-
ditions simultaneously with the technique of neutralizing the
heparin after the coronary procedure was completed, leaving
the sternum open, extending the incision down in the mid-
line of the abdomen, and then repairing the aneurysm while
the patient was under the same anesthesia. You mentioned
such a procedure. Is there anything that would convince you
to perform such an operation? 
Our experience with that group was about one third
of what you are talking about today, but again the mortal-
ity rate was zero. It does seem to have saved quite a bit of
time and worry in the hospital when both conditions
seemed to be severe.
I realize that, in Albany, approaching an aneurysm
through a midline incision is tantamount to malpractice, but
is there any place for this technique in your armamentarium? 
Dr Paty. As you mentioned, our preference is for doing
these aortic procedures in the left retroperitoneal expo-
sure. We think that there is some physiologic benefit for
the patient. 
There are patients who were mentioned in the litera-
ture who underwent simultaneous procedures who had a
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contained aneurysm rupture and active angina. We have
not done this, but this is a reasonable approach. A very
large, expanding AAA (perhaps with edema) that was
found on the CT scan that was performed before the oper-
ation along with severe unstable angina (perhaps class 3 or
4 New York Heart classification of angina) as I mentioned,
would be an indication. 
We have seen patients who have had unstable angina
and actually ruptured aneurysms in whom we performed
aortic replacement retroperitoneally. In probably about
50% of the cases, we were able to get the patient through
this. One of those patients recovered from the aneurysm
and then had heart bypass graft performed approximately
3 days after the operation. 
The problem with doing simultaneous procedures
for us is the positioning, because we prefer to do these
procedures through a retroperitoneal approach, so that
is why we have not really tackled this. But as I men-
tioned, there could be indications for doing simultane-
ous procedures.
Dr Keith D. Calligaro (Philadelphia, Pa). As a corol-
lary to Dr Mannick’s question, in one slide you noted
that one third of your patients had symptomatic AAAs,
but they underwent repair of the aneurysm an average of
11 days later.
Dr Paty. Your comment is correct. Two thirds of the
patients were asymptomatic; one third of the patients were
symptomatic. The patients with symptomatic aneurysms had
vague abdominal or back pain. None of the aneurysms were
tender and expanding. We did not see perianeurysm edema
on the CT scan. Although the mean median procedure
interval was 11.5 days, the interval was as short as 5 days. In
very symptomatic patients, we made the interval much less. 
Dr Calligaro. I guess that is my question. You are sug-
gesting that, if a patient comes in with symptomatic coro-
nary disease and a symptomatic AAA that is not ruptured
on computed axial tomography scan, the procedure
should not be done simultaneously. 
Dr Paty. What I am suggesting is that, in the patient
population we studied, we did not have the situation in this
population of patients in which a patient was in jeopardy of
experiencing a rupture and had a very tender, expanding
aneurysm, so this study does not address that question.
However, in other patients with expanding, symptomatic
aneurysm (even in the presence of coronary disease), we
have repaired the aortic aneurysm before CABG.
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